Aims/hypothesis It is well established that diabetes mellitus increases the risk of cardiovascular disease (CVD) and allcause mortality. Observational studies suggest that a history of diabetic foot ulceration (DFU) may increase this risk further still. We sought to determine to what extent DFU is associated with excess risk over and above diabetes. Methods We identified studies reporting on associations of DFU with CVD and all-cause mortality. We obtained data on incident events of all-cause mortality, fatal myocardial infarction and fatal stroke. Study-specific estimates were pooled using a random-effects meta-analysis and the statistical heterogeneity of included studies was assessed using the I 2 statistic. Results The eight studies included reported on 3,619 events of all-cause mortality during 81,116 person-years of followup. DFU was associated with an increased risk of all-cause mortality (RR 1.89, 95% CI 1.60, 2.23), fatal myocardial infarction (2.22, 95% CI 1.09, 4.53) and fatal stroke (1.41, 95% CI 0.61, 3.24). CVD mortality accounted for a similar proportion of deaths in DFU and non-DFU patients.
Introduction
Cardiovascular disease (CVD) and all-cause mortality among individuals with diabetes mellitus remains approximately twofold higher compared with individuals without diabetes [1] . Several observational studies have suggested an even higher mortality rate in patients with diabetic foot ulceration (DFU), yet the size of this excess risk has not been well quantified. In addition, it remains unclear whether any excess mortality observed in patients with DFU reflects an increased burden of cardiovascular risk factors in patients or relates to potential sequelae of the ulcer. Importantly, increased duration of diabetes is also associated with greater risk of DFU [2] , and strongly correlates with adverse outcomes, including CVD and all-cause mortality [3, 4] .
Prior studies have been underpowered to provide reliable evidence of any potential impact of DFU on mortality. Such evidence would inform future strategies to assess whether prevention and/or better management of ulceration impact on CVD risk. More robust data regarding the relationship between DFU and mortality may justify a role for DFU in stratifying CVD risk among patients with diabetes and emphasise a need for aggressive treatment of CVD risk factors. We conducted a systematic review and meta-analysis of studies that reported information on both diabetes and DFU to assess more reliably than hitherto possible the extent to which DFU is associated with excess risk over and above diabetes.
Methods

Study selection
We sought studies that reported on associations of DFU with all-cause mortality. We also sought, where available, cause-specific mortality data on fatal CVD outcomes (defined as fatal myocardial infarction [MI] and fatal cerebrovascular accident [CVA] ). Our pre-specified inclusion criteria required studies with at least 1 year of follow-up that had simultaneously collected information on the presence or absence of DFU in a population of individuals with diabetes mellitus. Studies that selected only patients with lower-limb arterial-occlusive disease were excluded as these were unlikely to reflect more general diabetic populations. We searched electronic databases (PubMed, Embase, Cochrane Library) from their inception to August 2011 using both medical subject heading (MeSH) and keyword search terms; using 'diabetes', 'foot ulcer', 'cardiovascular', and 'mortality' retrieved 237 studies (Fig. 1) . Following screening for the above inclusion criteria, the remaining studies were supplemented by examining reference lists and by correspondence with study investigators to obtain additional unpublished data.
Information on the following variables was independently obtained by two investigators (JRWB and PJH) for both groups: study design; study size; various patient characteristics at baseline (age, time since diagnosis of diabetes, type of diabetes, the proportion of male patients; the presence of cardiovascular risk factors (hypertension, dyslipidaemia, coronary artery disease [CAD], cerebrovascular disease, smoking status); and the absolute number of events (fatal MI, fatal CVA, all-cause mortality). Any conflicts were resolved by discussion with a third investigator (RJH). Where studies reported on more than one occasion, the most recent data from the same cohort were used to reflect contemporary practice and to increase power.
Statistical analysis Investigators of the included studies were asked to provide missing data wherever possible. Summary characteristics of participants with and without DFU are presented as mean values weighted by study size. Differences in baseline characteristics between the groups were assessed using a combination of the χ 2 test and unpaired t tests for categorical and continuous data, respectively. We calculated the RRs and 95% CIs for cardiovascular and allcause mortality based on observed data from individual studies. Study-specific estimates were pooled using a randomeffects meta-analysis, which accounts for heterogeneity in effect size among studies, using the method of DerSimonian and Laird [5] . Statistical heterogeneity of included studies was assessed using the I 2 statistic. The I 2 statistic is derived from Cochran's Q statistic and measures the proportion of overall variation in effect estimates that is attributable to betweenstudy heterogeneity. Crude event rates were calculated by dividing the absolute number of events by the total personyears of follow-up. To assess publication bias, we produced a funnel plot with its statistical analogue, the Begg-adjusted rank correlation test [6] , and performed Egger's regression asymmetry test [7] . All statistical analyses were two-sided with a significance level of 0.05; calculations were performed with Stata release 11 (Stata corp, College Station, TX, USA).
Results
Eight studies published between 2006 and 2011 reporting on 17,830 patients and 81,116 person-years of follow-up were included ( Fig. 1) [8] [9] [10] [11] [12] [13] [14] [15] . Four studies were based in America, two in Europe, one in Australasia and one in South-East Asia. Individuals included were predominantly from clinic populations (Table 1 ). All studies reported included cohorts with both type 1 and type 2 diabetes, with the exception of one study [12] , in which all participants had type 2 diabetes. The mean age in both groups was in the sixth decade, with a longer mean (13) 59 (11) 58 (13) 73 (8) 62 (13) 67 (10) 67 (13) 63 (10) 63 (10) 67 (14) 66 (14) (10) 7 (8) 16 (10) 14 (9) 14 ( (75) 456 (33) 14 (14) 10 (8) 777 (37) 395 (19) 76 (49) The following studies reported the presence of PAD: Ramsey et al [9] DM group PAD 13.0%, DFU group PAD 23.1%; Pham et al [10] DM group PAD 11%, DFU group PAD 26%, Pinto et al [12] DM group PAD 39.8%, DFU group PAD 62.03%; Sohn et al [13] Fatal CVA and MI Information on cardiovascular mortality was available for a total of 3,138 patients across four studies. There were 113 deaths from CVA and 359 deaths from MI during 28,189 person-years of follow-up. Cardiovascular deaths accounted for 51 of 117 (43.6%) deaths in patients with DFU and 421 of 952 (44.2%) deaths in patients with diabetes only. The RRs for MI and CVA were 2.22 (95% CI 1.09, 4.53) and 1.41 (95% CI 0.61, 3.24), respectively. There was no evidence of significant heterogeneity between studies for these outcomes (fatal MI I 2 048.1%, p00.12; fatal CVA I 2 016.2%, p00.31). Crude event rates per 1,000 person-years were 16.8 and 11.8 for fatal MI in the DFU and diabetes-only populations, respectively; 4.6 and 3.8 fatal CVAs occurred per 1,000 person-years in the DFU and diabetes-only groups, respectively.
Discussion
We provide the largest scale evidence to date that patients with DFU have a higher risk of all-cause mortality compared with patients with diabetes but without a history of foot ulceration. We observed an association for increased risk of fatal MI and a trend towards an increased risk of CVA in patients with DFU, although data on combined incident CVD deaths were not consistently available across the studies included.
While the number of CVD deaths is greater in a DFU population, our data demonstrate that equal proportions of overall deaths in both DFU and diabetes-only patients are attributable to cardiovascular causes. In studies reporting on cardiovascular and all-cause mortality, fatal MI and CVA accounted for 44% of total deaths in both DFU and diabetesonly groups. These findings imply that the excess CVD risk observed in DFU patients only partly accounts for the increased mortality rate. Excess mortality in patients with DFU may equally reflect a more advanced stage of diabetes with greater disease burden and non-cardiovascular complications of foot ulceration such as sepsis. Our data support the hypothesis that, in order to attenuate the excess mortality associated with DFU, strategies focusing on both more aggressive modification of CVD risk factors and ulcer prevention might be required.
Potential explanations for the association of DFU and mortality Evidence suggests that mortality is higher with ischaemic ulcers than with neuropathic ulcers [16] . Accordingly, peripheral arterial disease (PAD) is a consistent independent predictor of CVD and all-cause mortality. In addition to the association of macrovascular disease and mortality, a complex interplay of factors related to both sequelae of ulceration and the longer duration of disease seen in patients with DFU are likely to contribute to the observed independent association of DFU and all-cause mortality. Active ulceration has been shown to elicit numerous adverse biological responses, most notably chronic inflammation, which has an established role in the development and progression of atherosclerosis.
Peripheral neuropathy is present in a significant proportion of patients at the time of diagnosis of type 2 diabetes [17] , and progresses with duration of disease. Cardiovascular autonomic neuropathy (CAN) is an often-overlooked complication of diabetes that frequently co-exists with distal polyneuropathy, microangiopathy and macroangiopathy, all important risk factors for the development of DFU. CAN is associated with increased mortality and silent myocardial ischaemia, a pooled estimate of RR derived from 15 studies involving 2,900 participants was 2.14 (95% CI 2.66, 4.47, p<0.0001) [18] . Somatic neuropathy has been implicated in the development of medial arterial calcification; indeed, it has been suggested that neuropathy explains the distal distribution of arterial calcification in individuals with diabetes [19] .
We observed a greater heterogeneity of effect size between studies reporting a longer duration of follow-up, which may reflect a variable burden of disease seen in individuals with a similar duration of diabetes. A significant determinant of mortality in patients with diabetes at an advanced stage is the increased presence of renal disease, which is itself strongly linked with accelerated CVD and mortality. Diabetic nephropathy is the leading cause of renal failure in developed countries and an independent predictor of all-cause and CVD mortality. In a report from the Early Treatment Diabetic Retinopathy Study, high serum creatinine among patients with type 2 diabetes was associated with the highest hazard ratio for mortality (2.46 [95% CI 1.83, 3.32]) of all the complications of diabetes [20] .
Implications for clinical care Despite stratification of ulcer risk in primary care in patients with diabetes, the effectiveness of screening programmes in both reducing the risk of foot ulceration and mortality is unclear [21] . Foot examination focusing on the presence of peripheral neuropathy, PAD and abnormal foot anatomy can predict patients at high risk of developing DFU [22] ; however, the evidence for an intervention strategy in these patients is not well defined.
The benefit of aggressive cardiovascular risk management in diabetes has been clearly demonstrated in the extension of the Steno-2 study [23] . Patients with type 2 diabetes and persistent microalbuminuria were randomly assigned to receive conventional therapy or intensive therapy incorporating tight glucose regulation and the use of renin-angiotensin system blockers, aspirin and statins. Intensive therapy corresponded to an absolute risk reduction for all-cause mortality of 20% after a mean follow-up of 13.3 years (7.8 years of multifactorial intervention and an additional 5.5 years of follow-up). If we extrapolate this risk reduction to the present study, multifactorial intervention would result in 20 fewer deaths per 1,000 years in a DFU population, potentially halving the excess risk in DFU populations. It is recognised that participants in the Steno-2 study were selected for the presence of microalbuminuria
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Weight, % Relative risk (log scale) Standard error (log RR) Fig. 3 Funnel-plot analysis, with pseudo 95% CIs for all included studies which is itself a strong predictor of cardiovascular events [24, 25] . In addition, microalbuminuria is associated with microvascular disease and therefore neuropathy and ulceration.
In the setting of patients with DFU, Young et al reported improved survival of patients treated with aggressive cardiovascular risk management [26] . In a foot-clinic population, 5 year mortality fell from 48% to 27% following introduction of a protocol incorporating CVD-risk-factor screening and modification with an antiplatelet agent, a statin and an ACE inhibitor ± β-blocker in those with hypertension.
Strengths and limitations
As with all meta-analyses, there are limitations that are, in part, related to the data available. In particular, the studies included are observational reports and therefore we cannot exclude the potential impact of confounding. Specifically for the present study the duration of diabetes was inconsistently reported across included studies; where this information was available, the mean duration of disease varied from 6 to 16 years. Patients with a longer duration of disease may have a greater burden of diabetes complications, and potential confounding of mortality is possible. Patient populations also differed with respect to the duration of follow-up and the prevalence of CVD risk factors. Subgroup analysis showed that follow-up duration did not make a substantial difference in all-cause mortality, however; greater heterogeneity was observed in studies reporting a mean follow-up duration >3 years. The impact of confounding could have been reduced via the availability of individual participant data or adjusted tabular data to establish the impact of CVD risk factors on all-cause mortality. This was only available in two out of the eight studies despite our best efforts to supplement published findings with additional information. We do hope that the present findings encourage the collaborative, systematic and detailed use of published and unpublished individual participant data from cohorts around the world to examine with greater precision the associations reported here.
Although our study has over 80,000 person-years of follow-up, the studies included reported on a total of only 472 incident CVD deaths; more data on the cause-specific mortality would have provided insights into the relative influence of ulcer-related factors on mortality in DFU. Sufficient data on the timing of ulceration and subsequent events were lacking and we were therefore unable to produce hazard ratios to evaluate the relationship between active ulceration and mortality.
Implications for future studies Within the limitations of the present study design our findings suggest that patients with diabetes and ulceration of the foot may be at considerably higher risk of all-cause mortality compared with those patients with diabetes but no history of foot ulceration. This may in part be explained by a greater burden of CVD risk factors and subsequent excess risk of fatal cardiovascular events. Further investigation is warranted to clarify the relative roles of ulcer sequelae and CVD to inform strategies that may further attenuate the significant morbidity and mortality in this group of patients. Randomised trials are needed to address whether greater control of risk factors or screening impact on causespecific mortality.
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